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related to effluent treatment, using the theory present in the literature to 
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size an individual system of treatment of domestic effluents, which meets a 
single-family residence, seeking to generate knowledge for practical 
application in localities devoid of sewage collection network. For this, it 
was designed to form an integrated form, a treatment system containing 
three reservoirs, with the septic touch initiating the purification process, 
directed to the liquid part for biological treatment in the anaerobic filter, 
with anaerobic microorganisms stabilizing the organic matter before final 
disposal of the effluent in the sink. In general, decentralized systems are 
considered by several researchers as an efficient solution in the treatment 
of domestic sewage. NBR 13969/1997 defines the likely ranges of removal 
of pollutants, according to the type of treatment, where the combined septic 
tank system and anaerobic filter achieved good results in the removal of 
(BOD), (DQO), (SNF) and sedimentable solids, increasing treatment 
efficiency and meeting the parameters for effluent disposal in the 
environment as permitted by CONAMA Resolution No. 430/2011. 
Regarding the cost of implementation, the budget was obtained by budget 
spreadsheets, using the unit prices of the National System of Research of 
Costs and Indexes of Civil Construction, reference, Recife, July 2021. With 
the treatment system designed in an integrated way, standing out for the 
lower cost and smaller built area, reducing the costs of implantation by 
28% compared to the system with the separate projected reservoirs. 
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I. INTRODUCTION 


Basic sanitation promotes sanitation and social 
inclusion, where the human right to water and sanitation 
declared at the United Nations General Assembly on July 
28, 2010, recognizes the right to drinking water and 
sanitation as an essential right for the full enjoyment of 
life and all human rights, through Resolution 
A/RES/64/292 (UN, 2010). 


Sanitation did not keep pace with population growth, 
causing a deficit in the collection and treatment of 
domestic wastewater, especially in peripheral and rural 
regions without a collection network and sewage 
treatment plant. The low population density in these 
regions becomes financially unfeasible to build collection 
networks, causing governments to prioritize the 
implementation of centralized treatment systems in 
locations with higher concentrations of inhabitants. 


According to the publication of the National Water 
Agency (ANA), in Brazil, 43% of the population has 
sewage collected and treated, in addition to 12% using 
septic tank, that is, 55% have treatment considered 
adequate; 18% have their sewage collected and untreated, 
which can be considered as a precarious care; and 27% do 
not have collection or treatment (ATLAS ESGOTOS, 
2020). 


Currently, reservoirs, lakes and rivers are being 
overwhelmed by freshwater demand due to rapid 
industrialization and population explosion. To solve this 
problem, several decentralized wastewater treatment 
systems have been built worldwide to reuse wastewater 
recycling for non-potable uses, such as fire protection, 
toilet discharge and garden irrigation (BAJPAI, 
KATOCH; CHATURVEDI, 2019). 


The policies and actions of the government of urban 
and regional development, housing, combating and 
eradicating poverty, environmental protection, health 
promotion and other relevant social interest, aimed at 
improving the quality of life, should consider the essential 
articulations to promote basic sanitation, including about 
its financing, according to Federal Law 11.445/2007 
(BRASIL, 2007). 


The need to advance in the fields of sanitation and 
water management has resulted in recent reforms of legal 
frameworks and a significant increase in resources for 
sanitation. In the academic field, this framework inspires 
the challenge of better understanding the trajectories of 
these policies, which motivates this effort to know the 
historical formative processes and structural factors 
(MURTHA; HELLER, 2015). 


Faced with this reality, decentralized systems are 
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presented as an adequate social technology to serve 
single-family homes in isolated locations with low cost, 
shorter execution time and efficiency in the removal of 
pollutants, acting effectively in the protection of public 
health and contributing to the preservation of the 
environment. Social technologies in sanitation are 
understood as techniques and methodologies developed 
through interaction with communities and have been 
shown to be key to the development of sanitation 
effectively, easily operating and maintaining, in addition 
to promoting the social inclusion of minority groups 
through the participation of the population in lectures, 
training and training on the theme (HORA; 
RODRIGUES; SACHO, 2019). 


The Brazilian Association of Technical Standards, 
through NBR 7229/1993, design, construction, and 
operation of septic tank systems, defines the sewage 
system as being "the set of facilities that brings together 
collection, treatment and disposal of wastewater". It must 
be sized and deployed to receive all the evictions. 


The mathematics present in the dimensioning of a 
domestic effluent treatment system, although there is a 
normative about the minimum volume to be stored in 
each tank, nothing is about the dimensions about length, 
width and height. Thus, the purpose of the practice is to 
discuss the possible changes in these dimensions of the 
tanks that store and treat effluents (REHFELDT; 
ERTHAL, 2015). 


In this scenario, given the concepts and information 
contextualized about the treatment of domestic effluents, 
in isolated regions devoid of a collection network and 
centralized sewage treatment plant, this research intends 
to dimension a decentralized system, which is effective in 
removing pollutants, starting with a primary treatment in 
the septic tank, followed by secondary treatment in the 
anaerobic filter and ending with the destination in the 
sink. 


Il. METHODOLOGY 
STUDY AREA 


The project for individual solution of treatment of 
domestic sewage was elaborated with the purpose of 
being implemented in a single-family residence with four 
residents in SitioTreme, located in the rural area of the 
municipality of São Joao, at coordinates 8°50'26.0"S and 
36°26'12.3"W, 3 km from Mestre Dominguinhos 
Highway (BR 423,Km 92), in the state of Pernambuco 
(Figure 1). 
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Fig.1: Part of the Map of Countryside—Treme 
Neighborhood Site. 


It can also be replicated in locations with low 
demographic density devoid of sewage collection 
networks, such as rural communities and peripheral 
regions of cities. However, the system is no longer 
implemented, due to lack of financial incentive to 
research by the government. 


METHODOLOGICAL STEPS 


The procedure used in the research is of quantitative 
approach with descriptive objective, proposing the 
integration of theoretical models with the equations 
established by the technical standards NBR 7229/1993 
and NBR 13969/1997 related to effluent treatment in 
Brazil, using the theory present in the literature to size an 
individual system of treatment of domestic effluents, 
which meets a single-family residence, seeking to 
generate knowledge for practice in locations devoid of 
sewage collection network. 


The analyses of the calculations followed the concepts 
of environmental technology through bibliographic 
research on the subject contextualized and from data of 
dimensioning of domestic sewage collected in the 
technical and scientific literature. 


LAYOUT OF A TREATMENT SYSTEM 


The project proposes the design of a conventional 
treatment system model but built in an integrated way 
sharing the walls of the Septic Tank, Anaerobic Filter and 
Sinkhole. From fashion to perform a comparison of the 
cost of deployment of systems with reservoirs built 
separately and in an integrated way. 


The first option is the most widespread, with the 
reservoirs being constructed separately and 
interconnected by means of PVC pipes, differentiating 
from the model under study that predict the execution of 


the reservoirs in an integrated way, divided into three 
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tanks in masonry structure at once, with walls of 19.0 cm 
thickness and internal coating with 1.0 cm of chapisco 
and 2.0 cm of mortar. 


The dimensions of the systems under study follow the 
recommendations of the technical standards NBR 
7229/1993 and NBR 13969/1997, in addition to observing 
concepts of environmental technologist for the 
construction, operation and maintenance of sewage 
treatment system, observing the following specifications: 


e 1.50 m of buildings, land boundaries, sinks, 
infiltration ditches and building water 
extension. 


e 3.0 m of trees and any point of public water 
supply. 

e 15.0 m of groundwater wells and bodies of 
nature water. 


e As for the removal of digested sowe, about 
1096 of its volume should be left inside the 
tank. 


To use the standard, government data are used to 
obtain the average number of people per dwelling. 
Among the data collected, ibge corroborates that in the 
country, in each household live, on average, 2.9 people 
per residence, with the Northern Region reaching the 
highest regional average in Brazil, with 3.3 people per 
dwelling. 


According to the National Household Sample Survey 
(PNAD, 2017), in Brazil almost 70% of households, it is 
connected to the general sewage network, with the 
following percentages of connection by region: 27.4% in 
the North, 47.2% in the Northeast, 60% in the Midwest, 
69% in the South and 89% in the Southeast. Among 
which, 29.9 million people live in rural areas, of this 
number only 5.7% of the population has sewage 
connected to the sewage collection network and 23% use 
septic tank, with the remainder allocating untreated 
sewage into the environment. 


This information is relevant, considering that the 
number of people per household is the main parameter for 
sizing the useful volume in liters of each element that 
makes up the individual treatment system. As the national 
average is 2.9 people and the most critical region being 
3.3 people per residence, we will adopt the worst citation, 
rounding to 4.0 people, for calculation. 


As the system will meet a medium standard residence 
with four residents, the daily contribution of sewage was 
adopted to be 130 liters per inhabitant/day, according to 
Table 1 of NBR 7229/1993. Evaluating that the period of 
detention of the evictions, by daily sewage contribution 
range, according to Table 2 of NBR 7229/1993, was used 
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one day. While the slable accumulation rate was used to 
determine the slable accumulation rate, according to the 
cleaning interval of one year and the weighted ambient 
temperature range greater than 20° C, as pointed out in 
Table 3. 


Table I - Daily contribution of sewage and fresh 
sludge by type of occupying building 


























Contribution of sewage 

Buildin Unit 

TECDE E (C) and fresh sludge (Lf) 
Permanent 
occupants 
Residence 
High standard person 160 1 
Medium 
Sion person 130 1 
Low standard person 100 1 
Hotel (except 
laundry and person 100 1 
kitchen) 
Tu i person 80 1 
accommodation 




















Table 2 - Period of detention of evictions, by daily 
contribution range. 























Interval 
between K values per ambient temperature 
cleaning range (t), in °C 
(years) 
T<10 10<t<20 T>20 
1 94 65 57 
2 134 105 97 
3 174 145 137 
4 214 185 177 
5 254 225 217 




















Table 3 - Slable accumulation rate per interval 
between cleanings and temperature. 





Maximum Maximum 
Percolation daily Percolation daily 
rate min/m | application | rate min/m | application 
rate m?/m?.d rate m?/m?.d 
40 or less 0,2 400 0,065 
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80 0,14 600 0,053 
120 0,12 1200 0,037 
160 0,1 1400 0,032 
200 0,09 2400 0,024 




















According to NBR 7229/1993, the septic tank system 
is the set of units for the treatment and disposal of 
sewage, using septic tank and complementary treatment 
units and final disposal of effluents and sludge. How 
much the septic tank is the rectangular cylindrical or 
prismatic unit of horizontal flow, for sewage treatment by 
sedimentation, flotation, and digestion processes. 


However, to size the anaerobic filter and sink, we will 
use the technical standard NBR 13969/1997, as it is more 
specified for the design, construction and operation of 
complementary treatment units and final disposal of 
pretreated liquid effluents in the septic tank. 


Among the complementary treatments listed, we 
highlight the parameters related to the anaerobic filter 
because it is an integral part of this study, with percentage 
values consisting of 40 to 7596 of biochemical oxygen 
demand, 40 to 7096 of chemical oxygen demand, 60 to 
90% of non-filterable solids, 70% or more of 
sedimentable solids and 20 to 5096 of phosphate (NBR 
13969/1997). 


As for the sinkhole, the standard states that it consists 
of a unit of final disposal of the verticalseptic tank 
effluent in relation to the infiltration ditch. Due to this 
characteristic, its use is favorable only in areas where the 
aquifer is deep, where it can guarantee the minimum 
distance of 1.50 m between its bottom and aquifer level 
(NBR 13969/1997). 


Because it is a vertical infiltration unit, which 
crosses a few layers of soil, the site of installation of the 
sink, needs to undergo a test to estimate the infiltration 
capacity in the soil and the dimension of the bottom of the 
pit for testing should be about the same from the bottom 
of the sink. As far as it is concerned, this quota consists 
from the minimum distance of the maximum quota of the 
local aquifer in relation to the output quota of the septic 
tank pipe (NBR 13969/1997). 


SIZING 


The dimensioning directly influences the 
characteristics of the effluent, as well as the desired final 
efficiency, given this, a system of domestic depletion 
composed of septic tank, anaerobic filter and sink, sized 
according to current standards, can achieve an efficiency 


between 70 and 85% in the removal of biochemical 
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oxygen demand and 80 to 90% in the removal of 
suspended solids (DA SILVA; MONTEIRO, 2020). 


The treatment begins by the septic tank with the 
collection of effluents from the bathroom from the toilet 
and the sink and shower drains through direct piping, in 
addition to the service area and kitchen through the fat 
box. 


Then, the evictions follow by severity for biological 
treatment in the anaerobic filter, with anaerobic 
microorganisms act to stabilize organic matter. Finally, 
the effluent already treated is directed to the sinkhole by 
taking the layers of the subsoil. 


The research provides for the elaboration of a 
decentralized treatment system with integrated 
construction system, sharing the walls of septic table, 
anaerobic filter and sinkhole, with a reduction in 
implantation costs above 25%, maintaining the 
effectiveness of treatment with apart apart reservoirs. 


However, the dimensioning proposed in this research 
will serve for both systems, with the calculations 
performed separately each element that composes the 
system, diverging only in the design of the project. With 
both dimensioned to serve a single-family residence with 
four residents, enabling its implementation in all regions 
of Brazil. In addition to pay ing the minimum design 
dimensions, established by technical standards NBR 
7229/1993 and NBR 13969/97. 


- Daily Contribution of Sewage 


In Brazil, the per capita consumption of a medium 
standard residence is used as a design parameter to size 
sewage systems. The amount of sewage generated by a 
population varies according to the existence or not of 
public supply, the proximity of water from the home, the 
climate, the habits of the population (FUNASA, 2017). 


In 2017, the per capita use of water by families was 
116 liters per inhabitant/day, according to IBGE. In view 
of this information, we will adopt the daily consumption 
of 130 liters per inhabitant/day, meeting the national 
average and the parameter of 130 liters of daily sewage 
taxpayer for medium standard residence established by 
the technical standard of NBR 7229/1993. 


- Taxpayer rate 
N = Total contributors 
Q = Number of rooms = 2 


P = Number of people per room 
=2 


N2Q«P (1) 
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- Daily Contribution of Sewage 

CT = Total contribution 

N = Number of contributors = 4 people 

C = Daily contribution = 130.0 liters per capture. 
CT-N*C (2) 

- Fat Box 


The fat boxes should allow the retention and 
subsequent removal of the fat, according to NBR 
8160/1999, which determines the inner diameter, the 
submerged part of the septum, the retention capacity and 
nominal diameter of the outlet pipe. 


When sizing the fat box for the collection of only 
one kitchen, the standard recommends the use of the 
small fat box (CGP). 


As a rule, these boxes are fundamental for the 
proper functioning of the system and can be 
prefabricated of fiber cement or reinforced plastic. 


- Septic Tank Sizing Equation 

TS = Septic tank 

N = Number of contributors = 4 people 

C = Contribution of dumps = 130 liters 

TDH = Hydraulic holding time = 1 day 

K = Slable accumulation rate = 57 liters 

Lf = Contribution of fresh slable in days = 1 day 
TS = 1.000 + N * ((C* TDH) + (K * Lf) (3) 

- Equation for Anaerobic Filter Sizing 

FA = Anaerobic filter 

N = Number of contributors = 4 people 

C = Contribution of dumps = 130 liters 

TDH = Hydraulic holding time = 1 day 

K = Slable accumulation rate = 57 liters 


Lf = Contribution of fresh slable in days = 1 day 


FA = 1,6 * N + C + TDH (4) 
- Equation for Sink Sizing 


The volume of the sink is determined according to the 
volume of the septic tank and may have equal or higher 
dimensions. However, it is necessary to determine the rate 
of soil pergrowth for the proper functioning of the sink 
(NBR 13969/97). 


The bottom dimension of the test pit must be about the 
same as the sinkhole. As far as it is concerned, that 
dimension is determined from the minimum distance of 
the maximum quota of the local aquifer and the output 
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quota of the septic tank pipe. When an assay is done on 
several layers, the result of each cava is obtained by 
means of the equation where: Ki and Hi are, respectively, 
the rates and heights of the layers where the tests were 
carried out (NBR 13969/1997) 


K = X (ki + Hi)/) (Hi) (5) 


Table 4 - Conversion of pergrowth rate into surface 
application rate. 





Daily Detention time 





contribution (L) Days Hours 





Up to 1500 1 24 





From 1501 to 


3000 0,92 22 





From 3001 to 


A500 0,83 20 





From 4501 to 


6000 0,75 18 





From 6001 to 


7500 0,67 16 





From 7501 to 


9000 0,58 14 





More than 9000 0,5 12 

















S = Sinkhole 
C = Length 
L= Width 
P = Depth 
S=C*«L*P (6) 
- Pipes and Canecóes 


The pipes are designed considering the alignment and 
elevation of the pipes between the tanks, promoting the 
flow of wastewater during the treatment by gravity, 
remaining buried desdá exit of the residence until the 
entry into the septic tank. 


Most of the time the pipes used are PVC for building 
sewage, which must meet the technical specifications 
placed in the NBR 8160/1999 standard, in addition to the 
connections necessary to connect, the septic tank with the 
anaerobic filter and the sink. 


- Proposed Model 


With the results obtained through the equations 
established by the technical standards NBR 7229/1993 
and NBR 13969/1997, they will define the minimum 
dimensions for the design of an individual sewage 
treatment project, designing a model of easy execution 
and low cost, contextualizing concepts of environmental 
technology, in addition to socioeconomic and operational 
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aspects. 


Socioeconomic aspects include the rapid acceptance 
by the population, adaptation to the local culture, low 
installation cost, ease of obtaining materials and skilled 
workers. It can also generate by-products such as biogas 
during treatment, or biofertilizers after treatment. 


As for the operational part, the individual treatment of 
domestic sewage offers numerous financial advantages 
due to the absence of sewage collection network, lifting 
stations and permanent labor, thus avoiding the collection 
of monthly fees for maintenance by sanitation companies. 
Needing only the hiring of the truck clean swosa from 
time to time, as specified in the project. 


The project proposes the construction of a treatment 
system in masonry at once, with ceramic brick 19 cm 
thick and internally coated with chapisco and plaster. 
Dividing into three tanks with distinct functions in the 
treatment. With the septic tank containing bottom slab, 
wall coated with mortars and cover slab with sigh for 
elimination of gases. 


The anaerobic filter must contain, in addition to the 
items already mentioned, a slab with several holes that 
allows the ascending flow of the sewage seated 50 cm 
from the bottom slab and the filter bed composed of 
crushed stone no. 3 or 4. While in the sinkhole the bottom 
slab is replaced by a layer of crushed stone, allowing the 
infiltration of the treated effluent underground. 


With the system in operation, it is warned to collect 
samples, after treatment and before percolating 
underground, for analysis of the main physicochemical 
parameters such as: biochemical oxygen demand, 
chemical oxygen demand,  non-filterable solids, 
sedimentable solids and phosphate. 


The results obtained in the laboratory should be 
compared with the parameters found in technical 
standards such as NBR 7229/1993 and NBR 13969/1997, 
in addition to the parameters indicated in CONAMA 
resolution no. 430/11, which refers to this research, 
related to the decentralized treatment of effluents in 
Brazil. 


BUILDING MATERIALS AND BUDGET 


From the dimensioning, the proportions for each 
treatment unit were reached. Enabling the survey of 
materials and labor of each element that composes the 
treatment system in order to pray them, in order to 
promote the discussion about the economic viability of 
the proposed systems. 


The budget was obtained through budget spreadsheets 
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with unit prices being obtained through consultation with 
the National System of Research of Costs and Indices of 
Civil Construction - SINAPI reference, Recife, July 2021 
(SINAPI, 2021). This tool was fundamental for the survey 
of the costs of the system with the apart reservoirs and for 
the system with the integrated reservoirs. 


Ill. RESULTS AND DISCUSSION 


The results of the alvitrate dimensions are described in 
subsequent items to contribute by expanding the debate 
by addressing issues related to the decentralized treatment 
of domestic sewage in peripheral and rural locations 
devoid of the collection network. 


Promoting the use of an individual system of 
treatment of domestic effluents, containing septic tank, 
anaerobic filter, and sinkhole, incorporating efficiency, 
low cost and ease of execution, contributing decisively to 
public health and the sustainability of the environment. 


The research proposes a treatment system designed to 
form integrated, containing three reservoirs, dividing the 
walls of septic marquee, anaerobic filter and sinkhole. 
Separately, each element that makes up the system, based 
on technical standards NBR 7229/1993 and NBR 
13969/1997. 


In addition to CONAMA Resolution No. 430/2011, 
which provides for effluent release conditions and 
standards. Aiming to attend a single-family residence, 
occupied by four residents, weighing the generation of 
130 liters of daily sewage taxpayer per person for medium 
standard residence, considering the minimum dimensions 
established by technical standards. 


SIZING CALCULATIONS 

- Calculation of the Taxpayer rate 
N = Total contributors 
Q = Number of rooms = 02 


P = Number of people per room 
-02 


N = Q * P(7) 
N = 2,0 * 2,0 
N = 4,0 Pessoas 
- Daily Contribution of Sewage 
CT = Total contribution 
N = Number of contributors 
C = Daily contribution = 130.0 liters per capture. 
CT=N*C (8) 
CT=N#C 
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CT = 4,0 * 130,0 
Contribuição Total = 520 litros por dia 

- Fat Box Volume Calculation 
Item 5.1.5.13 of NBR 8160/1999 
Inner diameter = 0.30 m 
Submerged part of the septum = 0.20m 
Retention Capacity = 18L 

- Septic Tank Sizing 
TS = Septic tank 
N = Number of contributors = 4 people 
C = Contribution of dumps = 130.0 liters 
TDH = Hydraulic holding time = 1 days 


K = Slable accumulation rate = 57 liters per person per 
day 


Lf = Contribution of fresh slable in days = 1 day 
TS = 1.000 + N * ((C * TDH) + (K + Lf) (9) 
TS = 1.000 + 4 * ((130 * 1) + (57 * 1)) 
TS = 1.000 + 4 * (130 + 57) 
TS = 1.000 + 748 = 1.748 litros 
- Dimensions adopted for septic tank: 


A septic tank was adopted, in masonry structure at 
once in ceramic bricks, with walls 19 cm thick and 
internal and external coating of 3.0 cm, as well as bottom 
slab and cover slab in reinforced concrete, obeying the 
minimum dimensions established by NBR 7229/1993. 


Length... 1.0m 
Widths eene 1.0m 
Height... 2.0m 


TS = 1,0 + 1,0 * 2,0 = 2.000 litros 

- Anaerobic Filter Sizing 
FA = Anaerobic filter 
N = Number of contributors = 4 people 
C = Contribution of dumps = 130.0 liters 
TDH = Hydraulic holding time = 1 days 


K = Slable accumulation rate = 57 liters per person per 
day 


Lf = Contribution of fresh slable in days = 1 day 


To discuss the subject matter of this research, it is 
important to highlight Law No. 11,419/2006, which 
provides for the computerization of processes, with this 
rule to the effective introduction of virtual procedure 
leading into the judiciary. This norm, presented in the 
jurisdictional activity, a transformation relative to the 
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understanding before the judiciary of the necessary look 
at paradigm changes for the benefit of the jurisdiction 
and, also, of the environment. 


FA = 1,6*N*C*TDH 
(10) 
FA = 1,6 * 4,0 * 130 * 1 
FA = 832 litros 
Dimensions adopted for anaerobic filter: 

An anaerobic filter was adopted, in a masonry 
structure at once in ceramic bricks, with walls of 19 cm 
thickness and internal and external coating of 3.0 cm, as 
well as of bottom slab and reinforced concrete cover slab 


according to the minimum dimensions established by 
NBR 13969/1997. 


Length. ueteres 1.0m 

Wüdib.... uires 1.0m 

Heights etat tenens 14m 

FA = 1,0 * 1,0 + 1,4 = 1.400 litros 
- Sink Scale 


Based on the calculations of the capacity of the septic 
tank, similar dimensions and materials can be adopted, 
replacing the bottom slab with a layer of crushed stone. 


However, it is necessary to determine the rate of soil 
pergrowth for the proper functioning of the sink, 
according to the NBR 13969/1997 standard. 









































Fig. 3: Cutting of the Domestic Effluent Treatment System 


TECHNICAL SPECIFICATIONS 


The main parameters and criteria recommended for 
the implementation of the constituent parts of an 
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engineering project, related to sewage treatment systems, 
are available in brazilian technical standards (NBR) 
published by the Brazilian Association of Technical 
Standards (ABNT) and in the guidelines described in the 
Funasa Sanitation Manual (FUNASA, 2017). 


- Sewage systems 


The basic functions of the sewage system are to 
collect and conduct evictions from the proper use of 
sanitary appliances to an appropriate destination in 
accordance with current legislation. 


The final disposal of the effluent from the building 
collector of a sanitary sewage system must be carried out 
in a particular treatment system when there is no public 
sewage collection network (NBR 8160/1999). 


- Individual Treatment System 


Individual systems are designed to safely collect, treat 
and dispose of domestic effluents generated by a single- 
family home, composed mostly of: septic tank, anaerobic 
filter and sink. It must satisfy the characteristics and 
functionalities established by technical standards NBR 
7229/1993 and NBR 13969/1997. 


- Construction Lease 


The rental of the treatment system must comply with 
the limits of the land of the residence, in a topographic 
quota equal to or less than that of the sanitary system, 
obeying the minimum clearance of 4 m of tanks and 30 m 
of groundwater or surface water capitation systems. In 
addition to keep 1.50 m distance between your sinkhole 
bottom and the aquifer level. 


- Earth Drive 


The excavation can be carried out manually or 
mechanically, added to the dimensions of the reservoir 
with a spacing of 50 cm for each side. This spacing had 
been used to facilitate the execution of the work and 
should be regrounded after completion. This backfill must 
be medically compacted in 20 cm layers using the 
excavated material itself. 


- Bottom Slab 


The bottom slab of the system was designed to be 
executed as baldrame slab, with hollow bottom in the 
sinkhole and slabs at the bottom, in the septic tank 
anaerobic filter. Built in reinforced concrete, with wood 
shape, ribbed steel reinforcement CA-50 10 mm and 
concrete with compression resistance of 30 MPa. 


- False Background of the Anaerobic Filter 


The false bottom slab has been designed with 10 cm 
thickness and holes that allows the upward flow of 
effluents into the anaerobic filter. Being executed in 
reinforced concrete, ribbed steel reinforcement CA-50 10 
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mm and concrete with compressive strength equal to or 
greater than 30 MPa (NBR 6118/2014). 


- Cover Slab 


The cover slab was designed with 15 cm thickness, 
three lids for inspection and sigh pipe in septic tank, 
anaerobic filter and sink. Being executed in reinforced 
concrete, with wood shape and shimmage, ribbed steel 
reinforcement CA-50 10 mm and concrete with 
compressive strength equal to or greater than 30 MPa 
(NBR 6118/2014). 


- Arrangement of Armor 


The arrangement of the reinforcements of the bottom 
slabs, cover slab and false bottom, was designed to be 
executed in ribbed steel reinforcement CA-50 10 mm in 
diameter and 15 cm in spacing. 


- Masonry 


The masonry designed, provide the construction of 
walls using massive ceramic bricks with nominal 
dimensions of 19x9x9 cm seated folded in joints of 1.0 
cm of mortar, according to the project. Mortars should be 
well dosed, in the proportion 1:2:8 (cement, lime and 
sand) and the bricks have all the flat faces of material 
(NBR 7170/1983). 


- Coating 


The coating is composed of the chapisco and the 
single mass, on the internal and external walls. With the 
chapisco in the trace of 1:3 (cement and sand), having the 
purpose of providing greater adhesion between the 
masonry and the coating. And the unique mass in the 
traces of 1:2:8 (cement, lime and sand), where the use of 
hydrated lime, is exencial, because it promotes a greater 
power of accommodation in the variations of the walls, 
besides minimizing the risks of cracks. 


- Sanitary Facilities 


The pipes and canecóes will be seated according to 
alignment and leveling, with full coverage in order to 
protect the pipe from the requests caused by the transit of 
people and animals on site. The tubes must be placed with 
their lower geratriz coinciding with the cradle shaft, so 
that the bags are in the previously prepared excavations, 
ensuring a continuous support of the tube body (NBR 
7367/1988). 


- Cleaning the Work 


The work must be delivered without any trace of 
leftover building materials, nor with waste. The executed 
pits will need to be completely closed at the end of the 
execution and the hydrosanitary facilities should be in 
perfect operation in the delivery of the work. 
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- Effluent release conditions 


The indirect release of effluents into the receiving 
body shall comply with the provisions of CONAMA 
Resolution 430/11 that determines the conditions for the 
release of effluents from any polluting source: 


e pH between 5 and 9; 
e Temperature: below 40°C; 


e  Sedimentable materials: up to 1 mL/L in 1- 
hour inmhoff cone test; 


e Biochemical Oxygen-BOD demand 5 days, 
20°C: maximum of 120 mg/L; 


e  Hexane soluble substances (oils and greases): 
up to 100 mg/L; 


e Absence of floating materials: minimum 
removal efficiency of 20%. 


- Maintenance 


Maintenance should be carried out by removing 9096 
of the activated sludge resulting from the sewage 
treatment process. This stake is responsible for the 
extermination of biodegradable organic pollutants present 
in domestic effluents. 


In the absence of a collecting net, the use of septic 
tank presupposes that its effluent was: sent to the drainage 
network, when available, removed by a cleaning truck or 
preferably, for reasons of lower cost, infiltrated into the 
soil through sinks (TOLEDO et al., 2021). 


The waste should be removed by a suction hose 
inserted into the whole of the system prepared to receive 
the effluents and remove the excess stake, usually the 
trucks of the clean fossa type. 


This material must be removed and transported by 
specialized companies interested in receiving the proper 
final destination. The ideal is to leave about 1046 of the 
activated sludge at the bottom of the system, for the 
continuity of biological treatment of effluents. 


SYSTEM EFFICIENCY 


The systems under study are heamuch used for their 
efficiency in removing waste from thewastegiftisstico. 
Becoming a viable technology, with simplified 
constructive and operational methods. Differentiating in 
the layout of the project, with the first being executed 
separately and occupying a larger deployment area and 
the second being built in an integrated way, requiring less 
space on the ground. Due to the lack of government 
incentive, research cannot execute the proposed system 
for the analysis of physical-chemical parameters, 
providing results of efficiency tests in scientific 
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publications and technical standards. 


The results found in publications regarding the 
efficiency of systems that use the septic tank as primary 
treatment and the anaerobic filter as secondary treatment 
are very promising, there was a removal of the main 
pollutants contained in effluents, in the order of 67% for 
ST, 100% (SST), 62.9% (BOD), 96.7% (WED), 70.2% 
(NT), 46.5% (PT) and 80% (K), and the population levels 
of E. Coli in the treated effluent were below 1000 NMP 
100 mL-1 (PITORO, 2019). 


The Brazilian Association of Technical Standards, 
through NBR 13969/1997, Septic Tanks - 
Complementary treatment units and final disposal of 
liquid effluents - Design, construction, and operation, 
defines the probable ranges of removal of pollutants, 
according to the type of treatment, considered in 
conjunction with the septic tank (. 
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ECONOMIC VIABILITY 


To evaluate the costs of implementing the treatment 
systems exposed in this study, the economic feasibility 
analysis was performed by surveying the costs, using the 
values obtained in the SINAPI table, shown in Tables 6, 
7, 8 and 9, respectively. 


Through the tables presented, it was verified that the 
total cost of the system designed separately was R$ 
15,218.99, with the septic tank costing R$ 4,504.56, the 
anaerobic filter R$ 4,966.88 and the sink r$ 5,747.55. 
Meanwhile, the cost for tour of the integrated system was 
R $ 10,940.02, reducing execution costs by 28% 
compared to the first, making it more viable due to the 
lower cost. 


Table 6 - Comparative Cost Sheet. 





Table 5 - Probable pollutant removal ranges. 
























































SUMMARY WORKSHEET 
Item Discrimination Total Value 
1 System with separate 
reservoirs 
1.1 Septic Tank R$4,504.56 
1.2 Anaerobic Filter R$4,966.88 
1.3 Sink R$5,747.55 
Sum 1.1+1.2+1.3 R$15,218.99 
2 ees integrated R$10.940.02 
3 Deployment cost difference | R$4,278.97 











Process Submerged : 
. Aerobic 
anaerobic filter Sand filter 
Parameter filter 
DBO 40 to 75 60 to 95 50 to 85 
COD 40 to 70 50 to 80 40 to 75 
SNF 60 to 90 80 to 95 70 to 95 
A tabiy 70 or more | 90 or more 100 
solids 
A iacal 
sae - 30 to 80 50 to 80 
nitrogen 
Nitrate E 30 to 70 30 to 70 
Phosphate 20 to 50 30 to 70 30 to 70 
Fecal = = 99 or more 
coliforms 


























With the anaerobic filter obtaining good results in the 
removal of pollutants, evidenced in the enalises of 
parameters such as: the biochemical demand of oxygen, 
the chemical demand of oxygen, the solids in supengao 
and the sedimentable solids. 


In view of these results, it is observed that the primary 
treatment used only the septic tank is partially efficient, 
while the combined system using the septic tank as 
primary treatment and the anaerobic filter as secondary 
treatment can increase the treatment efficiency, meeting 
the parameters for disposal of effluents in the 
environment allowed by CONAMA Resolution No. 
430/2011. 
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Thus, the treatment system designed in an integrated 
way stands out for the lower cost and smaller built area, 
with economic viability and implementation, achieving 
the same efficiency of the separate system in the removal 
of pollutants.. 


IV. CONCLUSION 


Decentralized sewage treatment systems are 
considered by several researchers as an efficient solution 
in the treatment of domestic sewage. Performing the 
primary treatment by means of the septic tank, the 
secondary treatment biologically with the use of the 
anaerobic filter and the final destination of the effluents 


treated in the sink. 


This research proposes the layout of a decentralized 
domestic sewage treatment system, capable of treating 
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waste generated by a single-family residence composed of 
four residents, built in an integrated way, with a minimum 
capacity of 2,000 liters in the septic tank, 1,400 liters in 
the anaerobic filter and 2,000 liters in the sink. 


For this, the dimensioning and technical specifications 
of an individual treatment system divided into three 
reservoirs were presented, following the 
recommendations of technical standards NBR 7229/1993 
and NBR 13969/1997, with the object of developing an 
efficient project in the removal of pollutants with low cost 
of implantation and maintenance. 


In view of this, the disposal of effluents in the soil, 
even treated, is not subject to the parameters and release 
standards set out in CONAMA Resolution 430/11, but 
may not cause pollution or contamination of surface and 
groundwater. 


The proposed system is, then, a treatment that can be 
replicated in isolated communities, obeying technical 
standards in order to meet the main parameters related to 
sewage treatment in Brazil, mitigating the aggressive 
effects on the environment and opening opportunities to 
improve the living and health conditions of the inhabitants 
of peripheral and rural localities. 


About the cost of implementation, the treatment 
system designed in an integrated way, stands out for the 
lower cost and smaller built area, reducing the 
implementation costs by 28% compared to the system 
with the separate projected reservoirs. 


Based on scientific literature and technical analyses, 
we can affirm that in order to achieve the universalization 
of basic sanitation in Brazil, it is necessary to make 
efforts to expand sewage services, especially in peripheral 
and rural regions without collection networks and sewage 
treatment plants. 


Therefore, the growing need to develop technologies 
aimed at the decentralized treatment of sewage, opens 
space for further studies, referring to the patterns of 
effluent releases in the receiving bodies, aiming to meet 
the legal requirements and the preservation of the 
environment. 


ACKNOWLEDGEMENTS 


To Technological Institute of Pernambuco. 


REFERENCES 


[1] ABDEL-SHAFY, Hussein I; MANSOUR, Mona S.M.; 
AL-SULAIMAN, Ahmed Makki. Anaerobic/aerobic 
integration via UASB/enhanced aeration for greywater 
treatment and unrestricted reuse. Water Practice & 


www.ijaers.com 


International Journal of Advanced Engineering Research and Science, 8(9)-2021 


Technology, vol.14, p.p., 837-850, Dec 2019. 

[2] AGUILA, Liz JohanaUrrelodel; PAREDES, Troydayan. 
Filters de cáscara de coco y cascarilla de arroz, una 
revisióneneltratamiento de aguasresiduales de lavaderos 
de vehículos. Journal of the Universidad Peruana Unión, 
vol.9, p.p.1-15, Sep 2020. 

[3] ALAYU, Ermias; LETA, Seyoum. Post treatment of 
anaerobically treated brewery effluent using pilot scale 
horizontal subsurface flow constructed wetland system. 
Bioresources and Bioprocessing, vol.8, p.p.1-19, Jan 
2021. 

[4] ALL Mohamed N.; SHIBA, Ahmed Salah Eldin. Grey 
water treatment, reused and benefit of the heat capacity of 
water to improve the environmental performance of 
internal space. Journal of Xi'an University of Architecture 
& Technology, vol.12, p.p.983-992, Dec 2020. 

[5] NATIONAL WATER AGENCY (ANA), 2020. ATLAS 

SEWERS. Depollution of river basins. Ed, ed. 1. Brasilia. 

2020. 

[6] BRAZILIAN ASSOCIATION OF TECHNICAL 

STANDARDS. NBR 5737. Sulfate-resistant Portland 

cements. Rio de Janeiro. 1992. 

[7] BRAZILIAN ASSOCIATION OF TECHNICAL 
STANDARDS. NBR 7229. Construction and Installation 
of Septic SepticAnd Final Effluent Disposal. Rio de 
Janeiro. 1982. 

[8] BRAZILIAN ASSOCIATION OF TECHNICAL 
STANDARDS. NBR 7229. Design, Construction and 
Operation of Septic Tank Systems. Rio de Janeiro. 1993. 

[9] BRAZILIAN ASSOCIATION OF TECHNICAL 
STANDARDS. 6118 NBR. Concrete Structures Project - 
Procedure. Rio de Janeiro. 2014. 

[10] BRAZILIAN ASSOCIATION OF TECHNICAL 
STANDARDS. NBR 7367. Design and Settlement of 
Rigid PVC Pipes for Rigid PVC Sewage Systems for 
Sanitary Sewage Systems. Rio de Janeiro. 1988. 

[11] BRAZILIAN ASSOCIATION OF TECHNICAL 
STANDARDS. 8160 NBR. Sanitary Sewage Systems - 
Design and Execution. Rio de Janeiro. 1999. 

[12] BRAZILIAN ASSOCIATION OF TECHNICAL 
STANDARDS. NBR 13969. Septic Tanks - 
Complementary Treatment Units and Final Disposal of 











Liquid Effluents - Design, Construction and Operation. 
Rio de Janeiro. 1997. 

[13] BRAZILIAN ASSOCIATION OF TECHNICAL 
STANDARDS. NBR 7170. Ceramic Massif Brick for 
Masonry. Rio de Janeiro. 1983. 

[14] BRAZILIAN ASSOCIATION OF TECHNICAL 
STANDARDS. NBR 12209. Preparation of hydraulic- 
sanitary projects of sewage treatment plants. Rio de 
Janeiro. 2011. 

[15] BONFIM, Jardel Machado. Proposal of a mini Modular 
Sewage Treatment Plant for the municipality of Trés 
Rios-RJ. Trés Rios, 2017. Course completion work 
(Graduation in Environmental Management). Federal 
Rural University of Rio de Janeiro, 2017. 

[16] BRAZIL. National Environment Council - CONAMA. 
Resolution No. 357 of 18 March 2005. LEX: Provides for 


Page | 155 


Adeilton Antonio Silva Celestino et al. 


the classification of water bodies and environmental 
guidelines for their framing, as well as establishes the 
conditions and standards of effluent release, and provides 
other measures. Official Gazette of the Federative 
Republic of Brazil, Executive Power, Brasilia, DF, March 
18. 2005. Section 1 p. 58-63. 

[17] BRAZIL. National Environment Council - CONAMA. 
Resolution No. 430 of 13 May 2011. LEX: Provides for 
effluent release conditions and standards in Brazil. 
Official Gazette of the Federative Republic of Brazil, 
Executive Power, Brasília, DF, 16 May. 2011. Section 1 
p. 89. 

[18] BRAZIL. Federal Law No. 11.445/2007, of January 5, 
2007. Establishes the National Guidelines for Basic 
Sanitation. Official Gazette of the Federative Republic of 
Brazil, Executive Power, Brasília, DF, 08 Jan. 2007. 
Section 1 p. 3. 

[19] BRAZIL. Federal Law No. 14.026/2020 of 15 July 2020. 
Updates the legal framework for basic sanitation. Official 
Gazette of the Federative Republic of Brazil, Executive 
Branch, Brasilia, DF, 16 Jul. 2020. Section 1 p. 1. 

[20] CALDERARO, Lucas Da Silva( Solution for sanitary 
sewage of small rural settlements. Taubaté, 2019. Course 
completion work (Graduation in Civil Engineering). 
University of Taubaté, 2019. 

[21] CARVALHO, Sebastian; LAMB, Layane Mourão; 
PAIVA, Edson Valgas; MOREIRA, Jacinto; CREPALDI, 
Marcos Neves. Improvement in the Environmental 
Quality of Water Supply Sources After the 
Implementation of Septic Tanks. Revista O Papel, vol.82, 
p.p.82-87, Mar 2021. 

[22] CAUDURO, Flavia; SARTOR, Mirian; MULLER, 
Christiane Ribeiro( Treatment of sanitary effluents in 
flooded areas and/or with superficial water table - Case 
study. Brazilian Groundwater Association, vol.1, p.p.1-7, 
May 2019. 

[23] CH, Edson Morales( Evaluación de laestabilidad de un 
digestor anaerobiotermófilo. Revista de laSociedad 
Química delPerá, vol.86, p.p.152-163, Jun 2020. 

[24] CLAVEAU-MALLET, Dominique; SELTANI, Hatim; 
COMEAU, Yves. Phosphorus Removal and Carbon 
Dioxide Capture in a Pilot Conventional Septic System 
Upgraded with a Sidestream Steel Slag Filter. Molecular 
Diversity Preservation International, vol.12, p.p.1-19, Jan 
2020. 

[25] CÓRDOBA, Silvia M. Soto; MONTOYA, 
LillianaGaviria, GOMEZ, Pino Macario. Case Studio: 
Disposición de lasAguasResidualsDomesticsen Zonas 
Rurales de Costa Rica. RevistaAmbiente&Sociedade, 
vol.22, p.p.3-20, Feb 2019. 

[26] RUNNER, Carlos Alberto Amaya; BUITRAGO, Alba 
Vargas; ESCOBAR, Leonel Espinosa; ORTIZ, Johan 
Torres. Evaluación de una Alternativa para el Manejo de 
Lodos AcuososGeneradosen una Planta de Tratamiento 
de Agua Residual del Sector Avícola de Santander, 
Colombia. 17th LACCEI Multe International Conference 
on Engineering, Education and Technology, vol.1, p.p.1- 
10, Jul 2019. 


www.ijaers.com 


International Journal of Advanced Engineering Research and Science, 8(9)-2021 


[27] COSTA, Liane de Moura Fernandes; DIAS, Golden Iran; 
COSTA, Joáo Geovane Fernandes; Filippo, Sandro( 
Comparison of the costs of isolated sewage treatment 
systems for the Federal District. Scientific Technical 
Congress of Engineering and Agronomy, vol.1, p.p.1-4, 
Sep 2019. 

[28] DA COSTA, Jefferson Martins; CRUZ, Eliomara da 
Costa; LOBATO, Erick Martins( Evapotranspiration tank 
fossa: a sustainable and safe solution for the treatment of 
black water in rural areas. Brazilian Journal of 
Development, vol.6, p.p.41602-41609, Jun 2020. 

[29] DA SILVA, Adenildo do Espirito Santo Moraes; 
MONTEIRO, Marcos Eduardo Teixeira. Domestic 
sewage project for the neighborhood of Amazonas village 
in Santana-AP. Multidisciplinary Scientific Journal of 
CEAP, vol.2, p.p.1-9, Dec 2020. 

[30] DA SILVA JUNIOR, José Marinho Mendes; PERSON, 
Francisco Carlos Lira. Compact sewage treatment plant 
for effluent treatment from chemical toilets: A case study 
on system efficiency, in a work performed in Bom Jesus 
das Selvas - MA. Research Magazine, Society and 
Development, vol.9, p.p.1-25, Sep 2020. 

[31] OAK, Roseanne Santos; ARGUELHO, Maria de Lara 
Palmeira de Macedo; FACCIOLI, GregorioGuirado; DE 
OLIVEIRA, Rómulo Alves; STEPS; Erik Santos; SILVA, 
Alanna Vieira, DOS SANTOS, Beatriz Feitosa Sandes. 
Use of orange pomace biocoal in the removal of 
tetracycline in wastewater. RevistaMatéria, vol.26, p.p.1- 
14, May 2021. 

[32] FROM LIMA, Deborah Taina da Silva; BEARDED, 
Norma; MORITZ, Jaqueline. Environmental education 
based on students' knowledge about sewage treatment 
plant by root area. Research, Society and Development, 
vol.10, p.p.1-14, Jun 2021. 

[33] FROM LIMA, Sara Raquel Laurentino Barbosa; LIMA, 
Fernanda Morais; FELIX, Jakeline Rayane Barros; DA 
SILVA, Juliana Sousa; BY PAIVA, Suelya da Silva 
Mendonga. Integration of |J water treatments: 
biodigestorfossas and biowater system. 30th Brazilian 
Congress of Sanitary and Environmental Engineering, 
vol.1, p.p.1-12, Jun 2019. 

[34] DE MORAES NETO, Venáncio Ferreira; MELO, Juliana 
Hellen da Silva; SANTOS, André Felipe de Melo Sales. 
Efficiency of sewage treatment in the municipality of 
Garanhuns, PE, Brazil, after improvements in the effluent 
treatment plant. GEAMA Magazine — Environmental 
Sciences and Biotechnology, vol.7, p.p.1-11, Apr 2021. 

[35] DOHDOH, Mohyeldin Ayman; HENDY, Ibrahim; 
ZELENAKOVA, Martina. Domestic Wastewater 
Treatment: A Comparison between an Integrated Hybrid 
UASB - IFAS System and a Conventional UASB - AS 
System. Molecular Diversity Preservation International, 
vol.13, p.p.1-18, Feb 2021. 

[36] DOS SANTOS, Leonardo Rodrigues; DA SILVA, Tercio 
José; DUARTE, Marco Tullio Lima; DA SILVA FILHO, 
Edmilson Dantas; DINIZ, Celia Regina. Analysis of 
effluent parameters of intermittent aerobic sand filters 
with pre-treatment of anaerobic filter preceded by septic 


Page | 156 


Adeilton Antonio Silva Celestino et al. 


tank. XVII SILUBESA, vol.1, p.p.1-11, Jun 2016. 

[37] ECHEVERRÍA, Ivette; © MACHICADO, Laura; 
SAAVEDRA, Oliver; ESCALERA, Ramiro; HEREDIA, 
Gustavo; MONTOYAC, Renato. Domestic Waste Water 
Treated Con Anaerobic Reactors Y De Grava Filters As A 
Resource To Be Used In Agriculture. 
RevistaInvestigación& Desarrollo, vol.19, p.p.63-72, Jun 
2019. 

[38] FIGUEIREDO, Isabel Campos Salles; MIYAZAKI, 
Caroline Kimie; MADRID, Francisco José Pefia y Lillo; 
DUARTE, Natalia Cangussu; MAGALHAES, Taina 
Martins; TONETTI, Adriano Luiz. Absorbent or 
rudimentary fossa applied to rural sanitation: adequate 
solution or precarious alternative? DAE Magazine, 
vol.67, p.p.87-99, Jul 2019. 

[39] FARIAS, Adeilton da Silva; MENESES, Ramom Silva; 
MAGERO, Maria Adriana de Freitas; MEDEIROS, 
Lucivania Rangel de Aratijo. Evaluation of the health 
sewage situation of the University Center of Joao Pessoa 
(UNIPE). XXIII Brazilian Symposium on Water 
Resources, vol.1, p.p.1-10, Nov 2019. 

[40] FUNASA. Sanitation Manual: technical guidelines for the 
preparation and presentation of proposals and projects for 
Sanitary Sewage Systems. National Health Foundation. 
Brasilia, DF. 2017. 

[41] GARCÍA, DaniaYulissa Fajardo; LASO, Diana Yamile 
López; MESSA, Francisco Javier Caicedo. 
StatedelArtdelEfecto de laTemperature sobre 
elTratamiento de lasAguasResidualesDomésti. 
BoletínInformativo CEI, vol.6, p.p.155-157, Jun 2019. 

[42] Ghawi, Ali Hadi( Development of the Greywater 
Domestic Treatment Unit for Irrigation of the Garden in 
Rural Areas. Journal of Ecological Engineering, vol.20, 
p.p.46-56, Mar 2019. 

[43] GOIS, Rubenia Isadora Maria Torres; OLIVEIRA, Layla 
Gabriela Carvalho; DE CARVALHO, Lina Martins; 
MENESES, Fernanda Alves Gois( Program my home my 
life: analysis of basic sanitation in jabotiana neighborhood 
of the city of Aracaju / SE. XIII Meeting of Water 
Resources in Sergipe, vol.1, p.p.1-6, Feb 2021. 

[44] GOMES, José Romário Soares; PARANHOS, Aline 
Cerqueira; PINTO JUNIOR, IsmarMacário; DA SILVA, 
DjairFelix( Study of the feasibility of implementing the 
evapotranspiration basin for the collection and treatment 
of domestic sewage in rural areas and small 
municipalities. Caderno de Graduação Magazine - Exact 
and Technological Sciences, vol.6, p.p.194-206, Oct 
2020. 

[45] GONZALEZ, Judit García; HEREDIA, Daniel Peñafiel; 
RODRÍGUEZ, Remberto. Bioremediación de 
hidrocarburos enaguasresidualscon cultivo mixto de 
microorganisms: Caso LubricadoraPuyango. 
RevistaEnfoque UTE, vol.10, p.p.185-196, Mar 2019. 

[46] HARAHAP, J; GUNAWAN, T; SUPRAYOGI, S; 
WIDYASTUTL M. A review: Domestic wastewater 
management system in Indonesia. IOP Publishing, 
vol.739, p.p.1-11, Apr 2021. 

[47] HERZOG, Cecilia Polacow. Nature-based solutions for a 


www.ijaers.com 


International Journal of Advanced Engineering Research and Science, 8(9)-2021 


new paradigm in sewage treatment in urbanized areas. 
RevistaParceriasEstratégicas, vol.25, p.p.133-158, Jun 
2020. 

[48] TIME, Karla Emmanuela Ribeiro; RODRIGUES, 
Vanessa de Paula Gongalves; SACHO, Sara Duarte. 
Social technologies in sanitation for rural social housing 
in Vianópolis-Goiás. 30th Brazilian Congress of Sanitary 
and Environmental Engineering, vol.l, p.p.1-38, Jun 
2019. 

[49] HOZ, Janis Jaqueline Piza de La; VIDAL, Andrea Perez. 
Management of excretas y aguasresiduales in rural 
communities. Efectosen la saludpüblica. Journal of the 
Universidad Santiago de Cali, vol.1, p.p.1-18, Oct 2019. 

[50] IBGE-BRAZILIAN INSTITUTE OF GEOGRAPHY 
AND STATISTICS. National basic sanitation survey. Rio 
de Janeiro, 2017. 

[51] JOMERTZ, Jálio Cesar dos Santos; LANZER, Lucia 
Moreira. Design of the individual domestic sewage 
treatment system (SITED-08). XV IWRA World Water 
Congress, vol.1, p.p.1-18, Sep 2011. 

[52] LICATA, Mario; RUGGERI, Roberto; IACUZZI, Nicoló; 
VIRGA, Giuseppe; FARRUGGIA, Davide; ROSSINI, 
Francesco; TUTTOLOMONDO, Teresa. Treatment of 
Combined Dairy and Domestic Wastewater with 
Constructed Wetland System in Sicily (Italy). Pollutant 
Removal Efficiency and Effect of Vegetation. Molecular 
Diversity Preservation International, vol.13, p.p.1-18, Dec 
2021. 

[53] MACHADO, Gustavo Carvalhaes Xavier Martins 
Pontual; MACIEL, Tania Maria de Freitas Barros; 
THIOLLENT, Michel. A comprehensive approach to 
Ecological Sanitation in Traditional and Rural 
Communities. RevistaCiéncia&SaüdeColetiva,  vol.26, 
p.p.1-15, Apr 2021. 

[54] MANUEL, Lucas; FARM, Augusto José. Environmental 
education in the process of teaching-learning geography 
for the basic sanitation of the Candombe Velho 
neighborhood, municipality of Uíge (Angola). Journal 
Teaching of Sciences and Humanities, vol.7, p.p.453-479, 
Jun 2021. 

[55] MARIAN, Ramírez; EUCLIDES, Deago; FLORES, 
Nathalia. Anaerobic digestividad biosolids of residual 
waters using the Oxitop system to estimate the biogas 
production. Revista de R+D Tecnológico, vol.16, p.p.1-8, 
Jul 2020. 

[56] MARQUES, Janaína Santos Saldanha; LOPES, Avilyn 
Barbara Garcia, DE SOUSA, Débora Cristina Castro; 
FERREIRA, Elaine Batista; PAZ, Eloisa Santana; LIMA, 
Giuliano Fagner de Souza; NETTO, Ildo Storer; DE 
SOUZA, Stella Lana( 
Challengesoftheimplementationofsewagetreatment in 
riversideregions. Brazilian Journal of Development, vol.6, 
p.p.98817-98824, Dec 2020. 

[57] MOSQUE, TayaneCristiele Rodrigues. Decentralized 
treatment of sanitary sewage in systems consisting of 
septic tanks and anaerobic filters. Viçosa, 2019. 
Dissertation (Master's degree in Agricultural 
Engineering). Federal University of Vicosa, 2019. 


Page | 157 


Adeilton Antonio Silva Celestino et al. 


[58] MOSQUE, TayaneCristiele Rodrigues; ROSA, André 
Pereira, GOMES, Uende Figueiredo; BORGES, Alisson 
Carraro. Decentralized management of sanitary sewage 
solutions in Brazil: conceptual, normative and 
technological —alternativeaspects. Development and 
Environment Magazine, vol.56, p.p.46-66, Jun 2021. 

[59] MURTHA, Ney Albert; CASTRO, José Esteban; 
HELLER, Leo. A historical perspective of the first public 
policies of sanitation and water resources in 
Brazil.RevistaAmbiente&Sociedade, v. 18, p.p.193-210, 
Sep 2015. 

[60] OJO, Adedamola Oluwafemi; LASISI, Kayode Hassan; 
NURUDEEN, Adesola  Simbiat; AKINMUSERE, 
KiitanOluwaseun; BABATOLA, Josiah Oladele. 
Engineering Design of Combined Septic Tank with 
Treatment Facilities for Partial Treatment of Wastewater. 
Journal of Applied Sciences, vol.19, p.p.39-47, Jan 2019. 

[61] OLIVEIRA, Ivana C. G.; DE SOUSA, Maíra Evangelista; 
FROM ABREL, Giovanna Figueiredo. The fight against 
misinformation about the Covid-19 Pandemic in the 
Amazon. P2P & INNOVATION Magazine, vol.7, 
p.p.141-160, Feb 2021. 

[62] UNITED NATIONS- United Nations Organization. 
Resolution A/RES/64/292 of 28 July 2010. The Human 
Right To Water And Sanitation. New York, New York. 

[63] OUGO, AlynaMayumiMichelato; DE OLIVEIRA, Rafael 
Montanhini Soares; BOLOGNA, Isabela Bruna de 
Tavares Machado. Individual solutions for the sewage 
system of a rural allotment in the city of Sertaneja-PR. 
Electronic Journal Environmental Forum of Alta Paulista, 
vol.15, p.p.1-13, Dec 2019. 

[64] PAJARES, Encarnación Moral; VALERO, Leticia 
Gallego; MORAL, Francisco García; SÁNCHEZ, Isabel 
M. Depuración de AguasResiduales y uso De Aguas 
Regeneradas: Un AnálisisDescriptivodel Caso de la 
Provincia de Jaén. Revista Agua y Territorio, vol.17, 
p.p.77-91, Mar 2020. 

[65] PASQUALINI, Alexander Antony. Application of 
biodigesters in sustainable livestock. RevistaFaculdades 
do Saber, vol.5, p.p.598-609, Jul 2020. 

[66] PEREIRA, Alex Cardoso; MARAGON, Bianca Barros; 
SANTOS, Tarcísio Couto Carneiro; REZENDE, Augusta 
Passos. Definition of criteria for choosing alternatives of 
individual sewage systems. 30th Brazilian Congress of 
Sanitary and Environmental Engineering, vol.1, p.p.1-8, 
Jan 2019. 

[67] PIASECKI, Adam. Water and Sewage Management 
Issues in Rural Poland. Molecular Diversity Preservation 
International, vol.11, p.p.87-100, Mar 2019. 

[68] PIMIENTO, Kleiver; GONZÁLEZ, 
Evaluacióndeltratamiento preliminar y primario para 
lasaguasresidualesdelprocesamiento industrial de 
alimentos en La Grita (Venezuela). Scientific journal 
INGE CUC, vol.17, p.p.1-11, Jun 2021. 

[69] PINHEIRO, AntonioRondinelly da Silva; NÓBREGA, 
Thiago Gongalves; TÓRRES, Alberto Pinto Álisson; 
LEITE,  Nayanne Maria  Gongalves; TORRES, 
WamonSolomon Dantas; ARAÜJO, Carlos Henrique da 


www.ijaers.com 


International Journal of Advanced Engineering Research and Science, 8(9)-2021 


Nóbrega Linhares; DE MELO, José Ulysses Lourenço; 
SILVA, Cicero Joelson Vieira. Analysis of the 
development of sewage systems in the state of Paraiba 
after the sanction of Law No. 11,445/2007 through data 
from the national sanitation information system. Brazilian 
Journal of Development, vol.7, p.p.14787-14802, Feb 
2021. 

[70] PITORO, Valdemiro Simon John. Treatment of effluents 
from sewage treatment plant in vertical anaerobic filters 
for reuse in irrigation by dripping of cauliflower. 
Botucatu, 2019. Dissertation (Master's degree in 
Agronomy). Faculty of Agronomic Sciences of Unesp, 
2019. 

[71] PONCE, AnyelinaRosmeryCarhua; OBLITAS, Wilder 
Huancas. Revisión y análisis de laEficiencia de Jacinto de 
agua (Eichhorniacrassipes) y Papiro (Cyperuspapyrus) en 
aguas residuales domésticas.Journal of the Universidad 
Peruana Unión, vol.1, p.p.1-16, Aug 2020. 

[72] REHFELDT, . MárciaJussaraHepp; Erthal, Denner( 
Mathematics present in the sizing of a system of treatment 
of domestic effluents. GEPEM Bulletin, vol 67, p.p.131- 
136, Dec 2015. 

[73] ROCHA JUNIOR, Jorge Luís; PANCIERI, Lucas Edgar 
Pereira; LEME, Mariane Alves de Godoy. Dimensioning 
of the domestic sewage collection system of the Parque 
das Palmeiras - Aguaí - SP allotment. RevistaFoco, 
vol.16, p.p.84-108, Jan 2019. 

[74] RODRÍGUEZ, Susel González; CURBELO, Graciel 
González; SILVA, Graciel González; LAFARGUE, Árias 
Telvia. Aprovechamiento de lapotencialidad de lavinaza 
para laproducción de biogás como energíarenovable. 
RevistaTecnologías Quimicas,vol.40, p.p.269-287, Jan 
2020. 

[75] ROSA, Altair; PEDRO, Beatriz Larissa; GEFER, Marielli 
Barbosa; SVENAR, Silvana( Sewage treatment systems 
by root areas in rural areas. Brazilian Journal of 
Development, vol.7, p.p.37820-37839, Apr 2021. 

[76] Rosario, Thallyta Manuela da Silva. Application of the 
combined system by anaerobic filter followed by 
submerged aetotalaesite biophyte to the treatment of 
sanitary sewage from single-family residential units. 
Brasilia, 2016. Dissertation (Master's degree in 
Environmental Technology and Water Resources). 
University of Brasilia, 2016. 

[77] ROTHMUND, Katiáscia; Becker, Adilson Junior Becker. 
Evaluation of the feasibility and proposal of treatment of 
domestic effluent in universities through a vermifiltro 
with earthworms of the species einseniaandrei. 11th 
International Symposium on Environmental Quality, 
vol.1, p.p.1-13, Oct 2018. 

[78] SEMANATE, Leandro Morillo; TOVAR, David 
Alejandro Naranjo; PEREZ, Jady; ONATE, William 
EstuardoVillacis; JENTZSCH, Paul Vargas; BISESTI, 
MufiozFlorinella. Removaloftensoactives y 

coliformsenaguasresiduales domésticas mediante 
procesosfenton. International journal of environmental 
contamination, vol.35, p.p.931-943, Feb 2019. 

[7/9] SHARMA, Meena Kumari; SINGH, Surya Pratap; 


Page | 158 


Adeilton Antonio Silva Celestino et al. International Journal of Advanced Engineering Research and Science, 8(9)-2021 


YADAV, Pooja; KUMAR, Chirag; Gaur, Chandra 
Rakesh. Performance of pilot-scale plant: An integrated 
settler based anaerobic biofilm reactor for the treatment of 
domestic wastewater. 8th International Conference on 
Advancements in Engineering and Technology, p.p.561- 
566, Aug 2020. 

[80] SHELAR, A.B.; KALBURGI, M. Shradha; KESARE, 
Neha D.; KUSHWAH, U.S. Santosh; CHOUDHARI, 
Sagar J. Research Paper on Treatment of Grey Water 
using Low Cost Technology For KushvartaKund Water. 
International Research Journal of Engineering and 
Technology, vol.6, p.p.7768-7774, May 2019. 

[81] SILVA, Heloisa Regina Turatti; EGERT, Paola; 
WillEMANN, Maria Izabel( Evaluation of an alternative 
system for domestic effluent treatment and community 
awareness planning. Sustainable Mix Journal - UFSC, 
vol.7, p.p.67-78, Apr 2021. 

[82] SPERLING, Mark von; CHERNICHARO, Carlos 
Augusto de Lemos. Biological Wastewater Treatmentin 
Warm Climate Regions. Department of Sanitary and 
Environmental Engineering Federal University of Minas 
Gerais, Brazil 2005. 

[83] SNIS, National Sanitation Information System. 25th 
Diagnosis of Water and Sewage Services. Brasilia, 2019. 

[84] TEIXEIRA, Simone Ferreira; DE MELO, Gabriel 
Vercoza; DA LUZ, Gustavo Caldas Barbosa; CAMPOS, 
Silva Susmara. Collection and treatment of sewage from 
large municipalities in the Metropolitan Region of Recife: 
threat to public health. Brazilian Journal of Health 
Review, vol.4, p.p.4391-4400, Apr 2021. 

[85] TOLEDO, Luane Marques; WALL, Fernanda Carvalho 
Moreno; OBRACZKA, Marcelo; SOLOMON, André 
Luís de Sá. Panorama of the Lagunar de Maricá System - 
RJ: Sanitation indicators vs. water quality. International 
Journal of Sciences, vol.11, p.p.6-24, Apr 2021. 

[86] VARGAS, Adriana K. N.; CALDERON, Jimmy, 
"CALDERON". VELASQUEZ, David; NUNEZ, Diego 
A. Análisis de losprincipales sistemas biológicos de 
tratamiento de — aguasresidualdomésticasenColombia. 
Chilean Journal of Ingeniería, vol.28, p.p.315-322, Dec 
2020. 

[87] WENDLING, Caroline Schutz; CAMPOS, Roger 
Francisco Ferreira; SILVA, Renael António Ferreira; 
MATIAS, Caroline Aparecida; PEREIRA, Grazyelle 
Rocha. Sizing and analysis of the efficiency of a domestic 
effluent treatment system for residential building. 
RevistaSaáde, Ambiente e Sustentabilidade, Vol.13, 
p.p.74-80, Jun. 2018. 

[88] ZHANG, Xueyu; LI, Shida; ZHENG, Shaokui; DUAN, 
Shoupeng. Impact of dissolvedoxygen and loading rate on 
NH3 oxidation and N2 production mechanisms in 
activated sludge treatment of sewage. Microbial 
Biotechnology, vol.14, p.p.419-429, Jun 2020. 

[89] SPENGLER, Marion Fabiana. Conflict Mediation - from 
theory to practice. 2.ed. Porto Alegre: Livraria do 
AdvogadoEditora, 2017., 2005. 


www.ijaers.com Page | 159 


